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Founded and Edited by GE. STANLEY HALL. 

(:OMPARATIVE OBSERVATIONS ON THE INDIRECT 
COLOR RANGE OF CHTTJT)REN, ADULTS, AND 

ADIJLTS TRAINED IN COLOR.1 

BY GEO. W. A. LUCKEY, 
Fellow in Psychology at Clalk University, Worcester. Mass. 

The work already done in indirect color vision has been 
largel y summed up in the original investigations of A. 
Kirschmann( 1 ) 2 ( A . E. Fick(2 ), a. Hess ( 3 ) and A . Fick. (4 ) 

Rirschmann, with others, has shown that only a small part 
of the retinal surface is sensitive to the fundamental color 
impressions; that the retina is sensitive to impressions of 
blue much farther from the centre than to anv other color 
impression, or giving the eccentric range of the diflerent 
colors, he finds (beginning with the color having the 
greatest range and proceeding toward the centre) blue, yel- 
low, orange, red, green, purple, lriolet. 

He finds, fllrther, that " The action of the peripheral retina 
varies greatly, in different directions, from the centre, and 
that the ranges of a11 colors estend farther in the nasal and 

IThis investigation was made in the psychological laboratory of 
the Leland Stanford, Jr., University, and the writer desires in this 
connection to thank Dr. Frank Angell and Prof. Earl Barnes fo-f 
helpful suggestions and criticisms, and also Mr. J. a. HammeA 
and others, for kind assistance in the laboratory. 

2The small figures in parenthesis refer to the bibliography at thz 
end of the article. 



upper parts than in the lower and temporal parts of the 
retina." He also finds that the size of the colored objects 
has much to do with the extent of the range. 

A. E. Fick finds, in going over an investigation of Char- 
pentier, 1 that there is considerable mubllal assistance of 
separate neighboring retinal spots in the perception of color 
and of light. lEe also finds that the centre retina is more 
sensitive to color and form impressions, while the eccentric 
retina, as we pass toward the periphery, is more sensitive to 
light and motion impressionsS but much faster to some colors 
than to others; and that intensity has influence on the per- 
ception of light, color, form and number, but just how great 
is not determined. 

The paper of Hess, published in 1889, is a very careful 
re-investigation of peripheral color vision, both spectral and 
pigment colors having been used, and its results partly sup- 
port and partly supersede those of previous experimenters. 
:Ee finds equal color ranges for red and green, and for blue 
and yellow, when these colors are of the hue of Hering's 
original colors (Urfaxben). 

A . Fick's study, to which reference has been made above, 
concerns itself with the theory of color vision, and onl 
touches indirectly upon the work which the writer has in 
hand. 

The present investigation has been like that of S:irschmann, 
in being a study of the eccentric color range, but diflerent, 
in being a comparative study of the eccentric color range of 
individuals differing in age, ses: and previous color training. 

After nearly two months of preliminary testing of botl 
the perimeter and a flat surface apparatus (campi- 
meter), it was concluded that the former possessed more 
advantages, with fewer disadvantages, and for this reason a11 
the results recorded in this paper, excepting those on the 
upper and lower vertical meridians, were made on the peri- 
meter. In the writer's opinion the errors arisillg from un- 
equal illuminaltion in differenti parts of the perimeter2 are 
more than counterbalanced by the variation in angular 
magnitude in the case of the campimeter, especially when, 
as in the case of these experiments, the perimeter was il- 
luminatedequally from the sides, from behind and from a 
skylight g all windows being slightly to the rear of the 
observer. In fact, the results obtained on either apparatus 
were almost identieal up to about 30° frora the fixation 
point, but for gr+3ater distances the results given by the 

lArch. d'opht. Juli-August, 1886. 
SKirschmann(t) S. 600. 
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491 OBSERVATIOXS ON INDIRECT COLOR R&N GE. 

eampimeter were from 1° to 15° less than those given by the 
perinleter, rarying with the angle. It is difficult to see how 
accurate results ca,n be obtained on the campimeter, when 
,he allgular magnitllde is greater than 30° until we know 
more definitely the effect of size and intensity on color 
TlS10h . 

The only meridians in which the illumination of the peri- 
meter was thought to vary were the upper and lower vertical 
meridians, and as the color range in these is small, the 
ca,mpimeter wa,s used for them. 

The perimeter apparatus consisted of a darkened steel rod, 
n<a,de in the form of a ha,lf-circle, fastened to a black wall by 
a serew at its middle point. This rod could therefore be ad- 
juste(l in any desired meridian, the screw on which the periw 
meter turned being the point on which the uncovered eye of 
the observer was fix:ed. The observer was sea,ted in an ad- 
ustahle cha,ir which carried a head rest. In this la,tttsr his 

head was placed, wit,h his eye on a level with, a,nd just, t,wo 
feet away from t,he fised point, or at the centre of the curve 
of t,he perimet,er. The only difference bet,ween the campi- 
met,er and the perimet,er above described was the substitu- 
tion of a dark rule, eight feet long, for the semi-circular rod. 
This was fastened to the wall in the same way and graduated 
to inches and projected degrees. 

The colors used consisted of Bradley & Co.'s colored 
c,ylinders (familiarly known as the Hailmann beads). The 
eylinders were 12 mm. long and 12 mm. in diameter, and 
were perforated with a small opening from end to end, by 
means of which they were easily fised on the end of a 
darkened steel rod 2 mm. in diameter and 1 m. long, used 
for moving them along the perimeter. The colors were first 
brought into the field of vision from the periphery by the 
operat,or, and the exact place on the periineter noted at 
which the color could be recognized by indirect vision. The 
color was then placed at the centre and gradually moved to- 
ward the periphery until it lost a11 color, all changes in color, 
and the plaees at which they occurred, being also noted. 
One eye of the observer was continually covered, while 
the other was kept consta,ntly on the fised point during 
tlhe time the color was moving to or from the centre. 
The latter was permitted to turn about, however, during the 
time the experimenter was recording the past result or was 
adjusting a new color. Six colors were used red, orange, 
yellow, green, blue and violet; more colors becalme confusing 
and were not named with alecura,cy. Purple and violet could 
not beaccuraltely distinguished in indirect vision even by 
those most praleticed in color discriminaltion, e. 9., tealchers 
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of painting. Two per.sons who had llad considerab]e es:peri- 
ence as art teachers said they could not, t,ell, as violetl was 
being brought, t,oward the centre, whet,her it, was going t,o be 
violet, or purple, and were only sure when it, was wit,hin a 
few degrees of the centre. Possibly t,his may be accounted 
for by t,he fact, that we have lit,t,le or no experience in color 
discrimination in t,he peripheral pairts of t,he ret,ina, and color 
sensations t,here are not, only diflerent, from t,hose at the 
centre, but have also not, become grouped or classified. The 
above is only true, however, of t,ints and shades of the same 
color or of neighboring color mixtures, for, as }iirschmann( 1 ) 
has observed, a spectral red, and a red carrying a little blue 
become noticeably different, as t,hey pass toward the peril)hery, 
the former changing to orange or yellow, the lat,t,er to blue. 
The same may be said of t,he other colors. 

The colors used were supposed to be true imit,at,ions of the 
corresponding spect,ral colors, and were perhaps as exact 
imitations as it, is possible for pigment, colors to be. Fresh 
cylinders were used for each individual t,ested, so as to pre- 
vent all danger of change by use. Three double tests (i. e., 
three tests with t,he color approaching t,he centre and three 
wit,h color receding from the centre) were made with every 
color in every one of t,he eight, meridians, and the average 
(range) of these tests taken as the one nearest correct. 

The results obtained by the present invest,igation, in so far 
as they represent ground traversed before, agree with the re- 
sults of liirschmann( 1 ), Fick( 9 ) ( 4), Raehlmann ( 5 ), and 
others, in the followingfacts: (1) The ranges for the differ- 
ent colors were from 1° to 2° greater when the colors 
were moved from the centre toward the periphery than 
when they were moved from without toward the centre. (2) 
There are certain meridians in which the colors ca,n be seen 
an(l recognized much further than in others. The upper 
na,sa,l ha,lf of t,he retina is sensitive to colors fart,hest, towa,rd 
the periphery, while t,he under t,empora,l pa,rt, is sensitive to 
color over the lea,st, a,rea,. (3) The colors seem to arra,nge 
themselves in a,certain definite order, a,ccording to t,he dis- 
ta,nce they can be seen in indirect, vision. Beginning with 
the color ha,ving great,est, ra,nge and proceeding toward the 
centre, we have first blue, then -ellow, orange, red, green, 
violet. (4) The colors seem to fall into two rather noticeable 
groups the blue-yellow group and the red-green group. 
Blue and yellow do nof coincide in range but fall nearer to- 
get,her than in iliirschmann's invest,igat,ion. The same is 
true of red and green. (5) As shown by Rsehlmann(5) all 
the colors used entered the field of color vision as either 
bllle or yellow (i. e., yellow or orange). Blue and yellow 



give no sensation of color when seen beyond their range, 
unless differentl shades of gray may be called color. Green 
is generally seen first, as yellow, and a few degrees nearer 
the centre is recognized as green. Red is generally seen first 
as yellow, t,hen as orange, t,hen as red, t,hough often it, is seen 
first as orange t,hen as red. Orange is genera,lly seen first, as 
yellow, and violet, is always seen first, as blue. 

The followingfact,s may be inferred from ot,her invest,iga- 
t,ions, but I believe have not been st,at,ed: e. 9., blue is t,he 
mo,sti stable and permanent, of all t,he colors. It, is never 
mist,aken for any ot,her color, ent,ers t,he sensit,ive color field 
as blue and remains a blae t,hroughout, t,he ent,ire field. Green, 
although its range is very much less, comes nest, t,o blue in 
permanency; while it, is generally seen out,side of its range as 
yellow, ret t,here is quit,e sure t,o be found a certain definit,e 
place on every meridian wit,hin which t,he same observer is 
sure of the color. Yellow is perhaps t,he most, variat)le: for 
esample, in all t,he t,est,s made on t,he same individual t,he 
range for blue never varied more t,han 3°, and t,he subject 
always felt, sure when blue ent,ered t,he field, whether he es- 
pected it, or not. In green, t,he variation (with the same 
observer) was never beyond 4°, but he wa,s not quite so 
sure as with blue. -ith yellow, on the contrary, the 
observer often varied from 1° to 10°, and never felt quite sure 
but that the yellow might prove to be orange, or red, or 
even green. 

Allother interesting fact is that violet is seen as blue a 
degree farther than the blue itself, but is not recognized as 
violet until within the range for green. 

The variation hetween yellow and orange, as mentioned by 
Kirschmann 1 was not confirmed by the present investigation, 
as yellow showed a greater range than orange in eversr one 
of the eight meridians, and came as near to blue in one 
meridian as in another. 

The pllrpose of the present investigation was, however, 
less to study the genera] subject of peripheral color vision 
than to answer the following questions: 

an children see colors in indirect vision as far as adultst 
Does ses have anything to do with difference in the rangee 
What influence has color education on the ranget 
As t,his study was for the purpose of establishing the com- 

parative range, great care was taken that all the conditions 
shollld remain as nearly constant as possible. All tests 
were made Oll uniformly clear days, between 2 and 4 
P. M. As soon as the observer showed signs of fatigue or 

s S. f09 . 
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inattention, the work ceased and was resumed at another 
time. The writer made il the tests himself (assisted by Mr. 
J. C:. }3:ammel, a fellow student in psychology), in order 
that there might be uniformity in the nsanner of presentinbr 
the colors, although the observer was always kept ignorant 
of the order or of the color approaching. The difficulties 
which occur here are, for the most part, similar to those 
which occur in all e2rperimenta1 work in psychology and 
need not be mentioned. There was one difflculty, however 
which at times became veray annoying, especially in the work 
with childrent and as the writer has failed to final it Inen- 
tioned by others, a little spate will be devoted to it here. 

The eye of the observer is supposed t,o remain fised on a 
small surface at the centre (5 mm. in diameter in these tests) 
during the time the colors are approaching or receding, but 
as the color enters the field of vision the attention is diverted 
froul the fisation point to the approaching color, and as the 
attletltion becomes diverted the eye often unconsciously fol- 
lows it a little. The same is true when the colors are re- 
ceding. In this way it often occurs that the eye has changed 
from I° to ID°, or even 15° in ahildren, without the observer 
being conscious of the fact. Some way of overcoming the 
errors which would result from this change of vision is 
necessary, and as the observer is not conscious of the fact 
he cannot be trusted to tell when his eye has chanzed. 
To avoid the above error it was found necessary for the 
operator to watch constantly the eye of the observer 
and not to record any results in which the eye wavered froin 
the fisation point. Such a control would obviously be in- 
applicable to the dark room experiments that others have 
preferred. 

Now for the answers to the questions. First: (Dan children 
see color in indirect vision as far as adultst The writer first 
obtained the color range of ten adults who were students in 
the university, but found later that he could not get so many 
children of any one age, and selected from the adlllts six 
whose color range seemed to vary least. lIe then obtaiIled 
the color range of six thirteen-year-olds, and nest the color 
range of sis children who were seven-year-olds. 

In Tables I, II, III and IV are presented the reslllts of these 
investigations. The figures indicate the number of degrees 
from the centre point at which the colored objects could be cor- 
rectly seen, and represent the external visual field. When re- 
ferred to the retina the meridians must, of course, be reversed, 
the outer horizontal meridian would, on the retina, be the i. e., 
nasal meridian, etc., etc. The average results are shown by 
diagrams in theplates at the end of the article. These diagrams 
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FE:MALES, 

TABLE I. 
SEVBN YEAR OLDS. CLASS I. ADULTS. aLAss III. 

Av. Range Av.Ratsge 
f lr every Yow tXigelt 
Merillirn. and Shade 

R L R L 

75 74 86 861. 
67 67 82 82 
41 41 50 49 
37 37 50 50 
40 39 54 55 
34 36 56 5o l 

34 34 47 47 
46 42 641 64 
47- 46+ 61 61 

FEMALE,8. 

D E F 

R L R L R L 

42 42 38 40i40 40 
37 37 35 35133 35 
28 27 25 2723 24 
28 27 25 2528 24 
28 28 28 2926 26 
25 25 24 2622 24 
20 20 17 19 17 18 
28 31 27 3125 26 
29 29.1- 27i 29j265 27 

28 

Av.Range Av.Range 
for every for Light 
Meridiall. andShade 

R L R L 

401- 41 67 67 
35 35 62 62 
253- 26 40 40 
25- 25 41 42 
28 27w 42 42 
243 25 142 43 
18 18- 34 34 
27 29 !51 50 
28 28 147 47e 

1 47.4 

MALES. 

A B C 

R L R L R L 

79 80 72 73 76 75 
70 70 70 70 67 68 
45 45 42 44 40 38 
36 38 40 40 36 36 
38 42 42 40 42 40 
32 36 38 40 34 35 
3 35 33 33 32 34 
46 42 47 40 46 43 
48- 48-- 48 47-- 47- 46 

47*4 

F'E}IALES. 

D iED F 

R L R L R L 
. 

72 70 78 70 74 74 
65 63 70 65 62 64 
42 42 40 38 36 38 
38 38 38 35 36 38 
37 38t40 36 39 39 
34 36134 34 35 37 
35 34435 34 32 33 
45 44144 42 46 42 
46 46!47 44 45 46 

45.7 

MAI,E S . 

A B C 

I2 L R L R L 

38 40 42 42 42 43 
34 34 32 37 38 33 
25 24 28 28 25 25 
25 2526 24 25 25 
29 28 27 26 29 27 
27 28 24 24 24 24 
18 1819 ti 18 t8 
25 28 26 29 30 30 
261) 2828 282 29 28 

J 

28 

Outer Horizontal 
Outer Low. Obliq., 
Lower Vertical, 
Inner Low. Obliq. 
Inner Eorizontal, 
InnerUp. Obliq., 
Upper Vertical, 
Outer Up. Obliq., 
Average Range, 

Sex: Average, 

ADULTS TRAIN:E;D IN COLOR. CLASS IV. T:EIIRTEEN YEA:EL OLDS. CLASS II 

Av.Range Av. llallge 
for every for Ligllt 
Meridian. alld Shade. 

L R L R L 

7 54 56 80.l- 81 
8 49 51 77- 77 
,2 30 31.1 48 48 
,0 30 29- 46 46 
,3 31 29 49-l-- 491- 
'4 127 24 49 492 
'4 23- 24 42 41 
[5 32 34 58 59 
[5+ 341 35 56.3 56.4 

MALES. 

B 

R L R L 

Outer Eorizontal,53 52 55 56 
OuterLow. Obliq. 47 47 48 50 
Lower Verticalt 29 30 30 31 
Inrler Low. Obllq. 31 31 29 29 
Inner Horizontal, 30 26 32 29 
Inrler Up. Obliq., 27 22 27 25 
Upper Vtertical, 21 22 22 23 
Outer Up. Obliq.J 30 31 32 34 
Average Range, 331- 33- 34+ 35- 

Ses Average7 34- 

MALES. I FEMALES. A.R^IIRe 
tor everg 

C: D E F hleidiawll. 

R L R L R L R L :EA L- - 

82 8275 7773 75.68 69 75 77 
76 7265 6465 67,65 60 68 66& 
42 4337 3742 43143 43 41 41 
37 3638 3741 40135 35 37 36 
38 3837 4141 4236 37 40 41 
37 3736 3544 41|36 36 38 38 

1 32 3129 29 31 32',34 34 325 32.1- 
41 4242 3840 42438 45 45 421- 

1 48_4845 4547- 48144 45 47 47 

46.2 

B 

R L R L 
__ 

78 8375 75 
72 7464 66 
40 41 42 40 
35 3338 36 
42 48 43 43 
35 39 4'S 38 
38 3430 30 
42 47 37 42 
48 5046 46 

47.5 

E 

L R 

6052 
50 52 
3529 
3028 
28 28 
25 26 
25 24 
35 37 
36 341- 

35 

'1t 

755 5 
750 41 
927 3' 
7 30 31 
834 3, 
230 2 
426 2 
532 3 
5351 3 2 

- 

Av. Rangs 
to. Light 

and i hRe. 

R L 

86 85 
80 81 
50 51 
50 50 
561- 55t 
57 54+ 
47 47 
61 62 
61 60.6 

L 

5: 
5 
;)C 

24 
2* 
' 
, 

2' 
3 
3 

The Ewternal V?sxal Field for Blz6e. 
The above represents the average results of three double tests of each individual through all the mericlians as indicated. On this chart, in column eight, is alK,o 

represented the average range fol light and shade of each class. The letters, A, B, C, D, E, , represent the dilTelent individuals of each class. R, right e;ye; L, left eye. 

a D 

R L R I 

50 53 57 ( 

47 53 51 F 

32 32 33 '- 
34 31 28 '- 
28 28 33 
28 25 25 
23 25 25 ' 
33 34 31 ' 
34+ 35 35 ' 



MAI,E S. 

A. B 

R L g L 

78 82 65 73 
55 66 47 46 
37 38 33 31 
35 32 36 36 
37 44 38 43 
35 38 38 38 
35 32 34 30 
37 43 38 38 
44 47 41 42 

43.4 
The External V"ual Fteld for Yelbw. 

The above chart represents the average results of three double tests of each individual through all the meridians as indicated. The letters 
t e e D7 E, F, represent the dl:lterent indinduals of e3.ch c13.S;s. R, right eye; L, left eye. 

TABLE It. 
SEVEN- YEAR-OLDS. CLASS I. ADULTS. aLASS III. 

MAL158. 

A B C 
___ 

R L 14 L R L 
__ 

35 37 40 40,38 38 
32 26 35 38t33 32 
21 20 27 27j23 20 
24 21 22 22j24 22 
28 29 25 2226 22 
25 25 19 2118 19 
.14 14 18 1816 16 
23 25 24 2719 20 
25+ 25-26 2725 24 

25 

Av.Range 
for erely 
MeridLan. 

R I, 

35 35 
31 30 
23 22 
23 22 
24i 24 
20 20 
16 16 
21 23 
24 24 

MALE.S. 

A B C 
. 

R L R L R L 

78 74 76 73 72 73 
70 64 67 64 67 57 
42 42 38 43 35 34 
30 36 40 40 37 38 
42 42 40 37 40 38 
33 36 40 40 37 34 
37 37 34 34 32 33 
46 45 47 45 47 46 
47 47 48 47 45 44 

46.3 

FEMALE $. 

D E F 

== : W 

R L R L R L 
.... . .. . 

76 67 76 70 70 71 
63 56 64 57 55 56 
45 42 42 42 34 36 
32 34 38 32 36 34 
37 37 40 35 36 38 
31 35 34 31 30 30 
35 35 38 30 33 34 
46 45 43 45 44 43 
46 44 47 43 42 43 

44 

Av.Range 
for every 
Meridian. 

R L 

75 7 
63 59 
39 39 
35 36 
39 38 
34 B4 
35 34 
45 45 
46 44 

Outer Horizontal 
Outer Lower Oblique, 
Lower Vertical, 
Inner Lower Oblique, 
Inner Horisontal, 
Inner Upper Oblique, 
_ w ^ . - 

upper vertlca 

Outer Upper Oblique, 

Average Range, 

Se:x Average, 

ADULTS TRAID IN COLO1B. CLASS IV. TtTTT)mXT V A T) f\T rsa nT A aa TT 
lli- 1 -XoX V gg ss 

FE MAIjE S . 

C D E F 

R L R L R L R L 

45 54 55 59 54 54 57 57 
45 64 53 50 53 49 50 48 
30 30 35 33 20 29 27 31 
35 30 28 30 25 26 31 26 
29 28 33 28 26 28 27 32 
30 30 28 25 27 23 26 28 
22 20 26 25 21 20 23 26 
30 31 33 35 40 35 32 33 
33 34 36 36 34 33 34 35 

34.5 

MAIXES. 

A B 

R L R L 

Av.:Range 
for every 
Meridian. 

R L 

:54 55 
48 49 
29 31 
30 28 
29 28 
27 26 
22 23 
i32 32 
134 34 

l 

FEMALES. | 

C D E F 
R L R L R L R L 

. j 

82 83 75 70 70 71 75 69 
70 70 58 52 60 64 65 64 
43 45 33 34143 43 43 43! 
35 35 35 32',39 39 32 33i 
34 38 35 36140 40 34 36 
35 37 32 33!41 42 34 33i 
27 33 30 30130 31 30 30 
38 43 37 37140 40 36 45 
45 4842 4046 47 45 

44.5 

Av.Ranpre 
for every 
Meridian. 

R L 

74 745 
592 60 
39 39 
35 342- 
36 39 
36 37 
31 31 
39 41 
44 446 

Outer Horizontal, 
Outer Lower Oblique 
tower vertical 
Inner Lower Oblique 
Inner Horizontal, 
InnerUpper Oblique, 
Upper Vertical 
Outer Upper Oblique, 
Average Range, 

Sex Average, 

F:l!:MALBS. 

D E F 
.= . 

R L R L R L 

,30 3233 3333 30 
''29 2633 3028 28 
i25 2520 2120 20 
23 2420 2524 19 
20 2124 2724 24 
20 1819 2120 16 

6 1616 1815 15 
17 2725 2120 19 
23 2424 2523 21 

23 j 

55 5257 55 
44 4645 48 
30 3030 31 
34 2828 30 
32 2530 28 
25 2625 26 
20 2218 23 
28 28127 30 
335 32132 34 

33 



lYte External Fisqxal Pild for Red. 
The above chart represents the average results of three double tests of each individual through all the meridians as indicated. The letters A, 

22.7 

B7 C, DF E, F7 represent the diiterent individuals of each class. R, right eye; L, lett eye. 

TABLE III. 
SEVEN_ YEAR-OL1:)S. GLASS I. 

MALBS. F£MALBS. 

A B C D ]3 F 
* t 

R L R L R L R L R L R L 
. . 

Outer Horizontal, 30 3031 3035 36 30 3227 2830 31 
Out. Lower Oblique, 26 26 26 27 30 30 29 27 29 25 25 25 
Lower Vertical, 19 20 20 20 17 171 21 21 18 19 19 19 
In. Lower Gblique, 19 18 18 17 18 181 17 20 16 20 22 17 
Inner Horizontal, 21 22 21 18 20 18! 15 17 19 25 19 19 
In. Upper Oblique, 20 1916 1616 20! 17 1617 2018 16 
Upper Vertical 15 1512 12 15 15 13 1314 16 13 13 
Out. Upper Obique, 17 20 16 18 22 21 16 18 22 23 21 19 
RverageRange, 21 2120 2022 22 20 2120 2221 20 

Se:x Average, 20 20.5 

A1:)ULTS. CLASS III. 

Av.Kange 
for every 
DIelidian. 

R L 

30 3 
27 27 
19 19 
18 18 
19 20 
17 18 
14 14 
19 20 
20 21 

MALBS. 

A B C 
..... w . 

R L R L R L 
- 

56 50 5{ 48 46 47 
30 30 37 38 34 36 
20 20 23 20 23 25 
23 20 24 25 22 22 
27 25 26 22 24 23 ' 
22 25 28 27 26 23 4 

17 1720 1719 18 4 

25 2725 2824 23 4 

27 27 30 28 27 27 
27.8 

FEMALES. 

D E F 

R L R L R L 

46 4646 4545 47 
30 3436 3333 32 
25 2620 2222 23 
25 2426 2224 24 
24 2428 2625 24 
22 2227 2222 23 
21 2019 1917 18 
27 2823 2423 22 
29 2928 2727 27 

27.2 

Av. Rango 
fsXr everg 
MeridSan 

R L 

49 47 
33 34 
22 23 
24 23 
25 24 
24 25 
19 18 
24 25 
29 27 

ADULTS TRAINED IN COLOR. GIJASS IV. THIRTEEN- YEAR OLDS. CLASS II. 
MALES. 

A B 

B L R T. 

Outer Horizontal, 33 35 35 36 
Out. Lower Oblique, 30 27 31 26 
Lower Vertical, 20 20 20 20 
In. Lower Oblique, 20 18 18 19 
Inner Horizonta.l, 22 2020 21 
In. Upper Oblique, 19 2120 19 
Upper Vertical 15 16 15 16 
Out. Upper Obiique, 21 2020 21 
Average Range, !23 22 22 22 

Se:x Average, 1 22 

FEMALES. 

C D E F 
R L R L R L R L 

33 3531 37 39 35 34 35 
32 2931 3032 30 32 32 
19 1819 19 16 2017 21 
21 2020 1920 1722 21 
20 2021 2020 2021 22 
21 2019 1720 1720 19 
17 1817 1617 15 16 16 
22 1922 2021 2322 24 
23 2223 2223 22 23 24 

FEMALES. 

D E F 

R L R L R L 
- 

54 5551 50 52 62 
42 4140 42 35 32 
24 2333 32 31 30 
30 2826 27 25 26 
30 3127 33 28 27 
28 27 26 26 26 27 
21 21 20 20 23 22 
35 3228 30 25 32 
33 32 31 325305 31 

Av. Range 
for every 
Meritlian. 

R L 

54+ 53+ 
37 39 
27+ 27- 
2> 27 
28+ 30i 
28+ 28- 
22+ 21 
31 31+ 
31.7 32+ 

Av.Range 
for every 
Meridian. 

R L 

34 36 
31 29 
18 20 
20 19 
21 21 
20 19 
16 16 
21 21 
23 23 

c 

R L 

56 50 
36 42 
25 28 
24 27 
26 30 
28 29 
22 23 
33 30 
31 32 

31.7 

MALES . 

A B 

R L R L 

60 60!53 52 
35 42 34 35 
25 22'26 26 
21 2428 29 
;27 3032 32 
30 2934 28 
26 2021 20 
35 3030 33 
32 3232 32 

32.2 



TABLE IV. 

ADULTS TRAINE1:) IN COLOR. CLASS IV. THIRTEEN YEAR- OLDS. aLASS II. 

32 
28 
17 
18 
19 
17 
15 
17 
21 

SEVEN_Y}BAR_OLDS. CLASS I. I ADULTS. CLASS III. 
MAIXES. 

B C 
_ __ 

L R L R L 

4244 4037 37 
30 36 3533 30 
20 25 23 20 23 
2020 26 22 21 
20 20 2223 23 
2125 2623 24 
1818 1917 16 
2824 2724 23 
25 27 2725 25 

25.5 

FEMAI,E S. 

D E | F 

R L R L R L 

44 42 40 43 42 43 
31 31 32 30 32 31 
23 26 20 25 22 20 
20 23 22 20 20 21 
25 25 23 25 21 23 
21 20 19 18 18 20 
21 20 18 20 18 19 
26 26 22 23 28 27 
26 27 24lv 25& 25 25. 

25.6 

Av. Range 
for every 
JWerldian. 

R L 

42 41 
32 31 
22 23 
21 21 
22 23 
21 21 
185 19 
25 26 
24.4 26 

MALES. 

A B a 

R L R L R L 

23 27 25 27 25 2fi 
23 24 23 24 22 19 
14 14 15 17 15 15 
15 14 11 13 14 14 
17 18 13 18 15 15 
17 16 12 13 13 15 
1t 11 11 12 1 2 12 
15 16 14 15 17 17 
17 172 15il 17-17 16 

17- 

FEMALEGS. Av.Range 
for evel y 

D 1< F Merldian. A 

. " . . 

R L R L R I. R L, R 

24 2821 2320 20 23 25 43 
23 2521 1921 21 22 22 30 
18 1816 1617 17 16 16 20 
13 1312 1515 14 13 14 21 
14 1415 1815 13 15 16 22 
14 1413 1414 13 14 14 20 
11 1112 1311 13 11 12 19 
14 1518 17 17 14 16 16; 24 
16+ 17 16 17 16 16- 16 17t 25 

16.5 1 

Outer Horizontal, 
Outer Lower Oblique, 
Lower Vertical, 
Inner Lower Oblique, 
Inner Horisontal, 
Inner Upper Oblique, 
Upper Vertical, 
Outer Upper Oblique, 
Average Range, 

Sex Average, 

Aar.RanFe 
for every 
Meridian. 

L 

33 32 
28 28' 
17 18' 
17 18' 
18 201' 
17 18 
15 15 
18 17' 
20 21' 

R IJ 

33 33 
28 25 
18 16 
19 19 
17 19 
20 20 
17 14 
20 16 
23 20 

BI:ALES. 

B 

R L R L 
= 

37 4031 32 
26 3226 27 
23 2021 21 
22 2021 24 
26 30 27 26 
18 2422 22 
19 18 16 16 
22 2526 22 
24 2624 24 

24*5 

MALE S. 

A B 

It L R L 

FEMALES. 

D E F 

R L R L R L 

33 32 38 35 27 31 
31 2830 2825 29 
16 18 16 19 18 19 
15 18 17 16 18 17 
20 20 18 20 18 20 
16 18 18 17 16 18 
17 1716 1514 14 
17 1719 2017 16 
21 21 22 21 19 21 

20.7 

FEZ1ALE S. 

C D E F 

R L R L R L R L 

43 38 33 34 40 40 30 32 
35 28 28 30 33 33 30 27 
22 20 22 22 26 26 24 24 
22 20 22 25 25 26 22 25 
24 23 24 25 24 27 23 25 

8 20 25 24 24 24 21 21 
16 18 18 18 18 17 17 18 
21 21 23 27 22 22 21 22 
25 239l 24 25'' 265 27 23.} 24 

25 

Av. Range 
for every 
MeridJan . 

R L 

36 36 
30- 30- 
26- 24+ 
22 23 
25 26 
21 22l 
17 17-.t 
22 23 
24+ 25 

31 35 
27 28 
18 18 
19 17 
20 17 
16 18 
15 14 
18 17 
21 21 

20.6 

Outer Horizontal 
Outer Lower Oblique, 
Lower Vertical, 
Inner Lower Oblique, 
Inner Horizontal, 
Inner Upper Oblique, 
Upper VerKcal 
Outer Upper Oilique, 
Average Range, 

Se2r Average, 

3'S 
27 
17 
18 
18 
16 
14 
19 
20 

o - t 
The External Visual Field for Green 

The abo+re chart represents the average results of thlee double tests of each individual through a11 the meridians as indicated. rrhc letteis A, 131 C, D 
E, F, represerlt the diiTererlt individuals of each class, R, right eye; L, left eye. 
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also represent the esternal visual {ield, and must be reversed 
in order to represent the retinal color fields. In the tables 
and diagrams the results of only four colors (R. Y. G. B.) 
have been represented, as these seemed sufS(ient to illustrate 
the point and less confusing than Jnore colors would has-e 
been. 

On esamining these tables one is impressed with the 
general similarity of the fields in persons of different ages. 
The general form of the visual lield is, in a11 cases, somewhat 
elliptical, but more circular in youth. The e2atent of the 
visllal field is evidently larger in the adults, and so uniformly 
is this the case that it seems safe to answer the first question, 
" Can children see colors in indirect vision as far as adultst" 
in the negative. 

Representing the average range for the aclult eye for the 
four colors as 100, the average for the thirteell-year- 
olds would be represented by seventy-seven, and the 
seven-year- olds by sisty-one. This, expressed in retinal 
surface, would be in the ratios of 100, fifty-nine, 
and thirty-seven respectively. The greatest difference ill 
the range was found with the blue and the least with the 
red. The order, beginning with the color showing t,he great- 
est difference and ending with the one showilg, the least 
diiierence, is blue, yellow, green, red. There is, how- 
ever, one exception to this order in case of the seven- 
year-olds, where yellow presents a, greater difference than 
even blue. (Seetable.) Perhaps this can be accounted for 
in the hesita,ncy of the children to speak as soon as they re- 
ceived a, sensa,tion of yellow. The observer wa,s a,lways 
requested to spea,k as soon as he received a,ny sensa,tion of 
colorwhether it should prove to be true to the color ap- 
proaching or not, but the children soon lea,rned that what 
seemed to be yellow, might, on a,ppreaching nearer, plove to 
be ora,nge, red or green, and would often hesit,atle until they 
felt quite sure that it was yellow. The writ,er endearrored to 
overcoule this ca,utiousness but was not entirely successful. 

Thequestjion thatnow arises is: Why cannot children see 
color in indirect vision as far als aldultse The discussion of 
this problem would require a paper irl itself and must be de- 
ferred; however there are a number of point,s which preseIlt 
themselves. There are just as many degrees in the child's 
eye a,s in the adults, and so far as is definitely knowrl t,he 
retinal layer extends as far forward in the olle as in the other. 
The aiiBerence in the convexity of the crystalline lens favors 
the child. We can hardly account for it through inattention, 
for the thirteen-year-olds seemed to be able to give as close 
attention to the approaching color as the adults, yet they 
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could lecognize color only three-fourths as far. Again, the 
seven-year-olds could see objects 78% as far as adlllts, while 
they could see color only 61 % as far. A lthough it is 
difficult to decide what the true cause is, yet the 
writer balieves that the cause must be looked for in the 
order of the color development itself, whatever may be 
regarded as t,he true theory of color vision. Beginning 
with the visual color field, as seen by the adult, and passing 
backward t(Jward and through the visual field of the child, we 
notice that the field not only decreases in extent but also be- 
comes more circular. The same is true of the general visual 
field, i. e., the visual field for light and shade, only the latter 
field decreases mllch less rapidly, or, in other words, shows 
a mllch greater proportional range in children than the color 
field. Now, should we coutintle still farther backward, and 
this law hokl true, we should fiaally reach a point in the 
child's development where the eye ceased to be sensitive to 
color impressions; and from previous observations on young 
childrenz the writer would place this point not earlier than 
the fourth week of life, if as early as that. Perhaps no one 
will doul)t the statement that the child becomes sensitive to 
light and shade much sooner than to color as color. A very 
youlg child may be attracted by a bright color, not on ac- 
COU11t of tise color but on account of the light it contains. 
The above observations show that light and shade either de- 
velo) faster in children than color, or else start sooner 
to (1el elo, fos while the range for light and shade of 
the ses en-year-olds, as compared wlth adults, stands 
seventy-eight to 100, color, for the same individuals, 
stands as sisty-one to 100, linear measure. The writer 
rery much questions whether his oxvn children were 
able to per(eive blue before they were eighteen months old, 
while they linew and seemed to enjoy red, orange and yellow 
very nluch earlier. If it be true that blue is the last of the 
colors to be perceived by the child, it becomes interest- 
ing to lQnow why in after life blue has the greatest range 
of all the colors. 

Judgring from all the evidence at hand it seems probable 
that the child inherits from past generations an ever increas- 
ing color tendency, bllt nothing more, thathe must come in 
contact nvith the real colors, or, in other words, the different 
color stimuli m(lst play on the retina in order to develop this 
color tendency into a real meebanism for the discrimin*ation 
of color, and that this mechanism begins to develop in earliest 
childhood, develops slowly and is finally completed in adult 
lifeP Ftlrther discussion of this point must be reserved for a 
future paper. 
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The second question was: Does ses have anything to do 
with diflerence in the ranget There is a prevalentbelief that 
woman has a better color esre than man, i. e., greater in- 
herentpower of seeing and discriminating color, and that 
there are more color-blind men than women. The writer 
doubts, however, whether these beliefs are founded on facts. 
At least a carefully arranged and conducted experiment on 
200 children (a number too small, perhaps, for ae- 
curate judgment) showed practically no ses: diiierences in 
color vision. In the present experiment on visual range the 
data are entirely too limited to warrant any definite con 
clusions in the matter of ses:, but the figures at least do not 
show that woman possesses any color superiority over man. 
In rrables I to IV, ave find in Class III, designated adults, 
where there were three male and three female observers, that 
the average range for the males with blue was 47.4°, for the, 
females, 45.7°; the range of yellow, for males, 46.3°, for females 
44°; the range of red, for males, 27.8°, for females, 27.2°; the 
range of green, for males, 25.5°, for females, 25.6°, or rep- 
resenting the average range of all colors for males at 
100%, the average range for females would be 97%. Also 
in Class I (the seven-.year-olds), where all the condi- 
tions were equally favorable to both seses, we find again the 
males leading by 2%, or representing the average range 
of the boys for all colors as 100%, the average range 
for thegirlswould berepresented by 98%. In Classes II 
and IV we find the conditions less favorable, for in each of 
these classes there were only two males and four females. 
Besides, in the class of thirteen-year-olds, where we should 
expect, if anywhere, to see a difference, the average age of 
the boys was nearly a year less than that of the girls, and 
this of itself may have been sufficient to account for the dif- 
ference in the range in favor of the girls. Representing the 
average range of the boys as 100%, the average range of the 
girls would be 103% . In Class IV, where there were two men 
and four women, the average range favored the men by only 
0.1%, or again representing the average range of the men as 
100%, the average range of the women would be 99.9%. 

These figures, so far as they show anything, show that 
man possesses not only equal power of recognizing the 
fundamental colors, but also equal retinal surface sensitive 
to color. 

Let us now turn to the third and last question: What in- 
fluence has color edueation on the e2ctent of the rallget To 
the answer of this question the writer brings the results of 
his observations on twelve different individuals, sis of whom 
were selected from students of the university who had had 
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no special training in colors, and sis othenrs of equal age 

selected from the students and instructors of the Art Depart- 

ment who had had three or more years of special training in 

color. 
In selecting the first class the author relied on his own 

judgment, but in selecting the second class he relied princi- 

pally upon the juclgment of Prof. Brown of the Art Depart- 

ment, who himself kindly submitted to the test, and en- 

deavored to recominend only persons vho showed special 

talenti in color discrimination and in color harmony. 

The one class is indicated in the tables as " Adults, Class 

III," the other, as " Adults trained in color, Class IV." 

Perhaps the best and only sure nvay to answer this question 

would be to select a number of individuals of the same age 

and of equal color range, giving to half of them three or four 

years of special color training, while the others were educated 

valong other lilles, without particular reference to color, and 

then take the colorranges again and compare. But in the 

absence of data gathered under these conditions, the present 

carefully macle observations are of interest. 
Table I shows that with blue the ranges for both the 

trained and the untrained were practically the same. With 

yellow, the range was greater for those untrained; while with 

red there was a decided difference in favor of the trained. 

The range for green was slightly greater in those untrained. 

l'epresenting these in percentages and indicating the range of 

the untrained each time by 100%, we have the follonving 

results: The average range for blue in the untrained, 100%^ 

in the trained, 100.2%; the average range for yellow in the 

untlrained, 100%, in the trained, 97%; the average range for 

red in the untrained, 100%, for the trained, 115%; the aver- 

ate range for green in the untrained, 100%, in the traine(l, 

97%. If the average range for all colors in the untrained 

were indicated by 100%, t,he average range for the trained 

would belO1.89. This difference, although favoring those 

tlrained in color, falls within the individual variations of the 

same class, and is too small to be taken into account in tests 

of this kind. And judging both from the figures and the 

many impressions received during the time the tests were 

being made, the writer is forced to conclude that color edu- 

cation, as generally understood, has no influence on the color 

range. But is not this conclusioll opposed to the one reached 

in answer to the first questione If correctly understood it is 

not. There are two kinds of color education, the direct and 

the indirect, the conscious and the unconscious, and it is on 

the indirect and unconscious sort of education, in which all 

share alike, that the widening of the color field depends. 



OBiTERN'Al'ION'S ON INDIRECT COLOR RANGE. o03 

17hat these incidental color es:periences are necessary to the 
development of the range is shown by the general form of the 
color range itself. On the meridians which the nose and eye- 
brows shield from the color impressions, the retina is 
sensitive to color over only a few degrees as compared with 
the rest. 

We mean something quite diiBerent, however, when we 
speak of direct color education. When an individual receives 
color instruction the colored objects are not brought to play 
on the periphery, but on a small spot at the cerltre of the 
retilla, and here all color education or training in the general 
acceptation of the term, takes place. 

There is, therefore no reason for thinking that those 
trained in direct color vision ought to see farther in indirect 
vision than the untrained. 

Of othar points of interest in this comparison of the trained 
and untrained may be mentioned the marked difference in the 
range for red in favor of the trained, of yellow irl favor of 
the untrained, and the greater variety of shades seen by 
the trained, as well as the greater uncertainty in naming the 
true color. What color training really does, is to in- 
crease the nutnber and variety of the color tones consciously 
reeognized, but it does not increase the amount of retinal 
surface sensitive to color, and the greater the variety of color 
tones seen by an individual, the less accurate he becomes in 
naming the fundamental colors by indirect vision. 

Another rather interesting fact was the not unusu31 occur- 
rence of sm311 color-blind surfaces in eyes otherwise 
apparently normal. These surfaves varied froul 2° to 10° in 
breadth. Such a color-blind area can be seen in the Tables 
I to III, by referring under " Class IV " to the ollter upper 
o$)lique meridian of the right eye of " F.2' In this ca3e the 
color-blind area was so situated as to reduce the limit of vision 
on this meridian several degrees as compared with the other 
eye. The persistence and irregularity of these spots in some 
individuals was quite markede 

Again, in the examination of a person who was red-green 
color-blind7 there were found small unequal areas in the excen- 
tic retina of both eyes (near the normal limit fior red and 
green) where a11 the fundamental colors could be cotrectly 
dlstinguished. 

It appears, tlhen (to sum up), 1st, that children cannot see 
colors as far in indirect vision as adults, but as compared 
with adults they show a greater proportional range for black 
and white than for color. 

2nd. Difference in ses seems to make no perceptable dif- 
ference in the extent of the color range. 
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3d. Color trainillg does not seem to inerease the color 
range (except perhaps in the case of red), but makes itself 
felt in a greater variety of shades and tints to the colors as 
seen in indirect vision, and less accuracy in namillg the 
fundamental colors by indirect vision. 
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EXPLANATIQN C):lP CEARTS 1 AND 2. - 

CeAXT t, A represents the averae proJected color field Qf the left and right eyes of sis children seven years 
old. B represents the averaffle projacted color 1:ield of si2: children thirteen years old. 

CHART '£, 0 represents the avarage projected colorfie}d of sis adults. D represents the same Seld of sis 
adults who had had three or more-years special training in ¢olor. The line marked "limit of vision 7} is the 
average distance at which the class cQuld see a white obiect of the same size as the colored objects used. By a 
unfortunate error in the reprodUction of the original drawings Chart 2 is not shown on the sa:e stale as Chait I 
but on a seale nearly one tenth smaller; For this re;son the limits of vision in C and D seet smaller than in B 
though in reality they are clearly larger. 

The straight l adiating lines are the meridians along whith the colors were hrought into the Sield of vision. 

CHART 1. 
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